Long-Term Frequency Stability of Laser Cavity Solitons
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Cavity Solitons are optical structures forming in nonlinear cavities when specific conditions of balance are
verified [1]. In their temporal version, such solitary waves have been shown to improve the phase coherence
properties of microcombs [2] (i.e., optical frequency combs in a microresonator).

Laser cavity-solitons [3-6] are a particular class of solitary waves obtained when light resonates in a
microcavity nested into an amplifying main cavity. Recently, we demonstrated that these pulsed states are robust,
efficient and self-starting [5,6] and characterising their frequency stability is of vital importance to enable their
application in metrological contexts.

In this work, we show the long-term frequency stability of a laser cavity-solitons laser (Fig. 1 (a)). When the
laser is properly configured, it is possible to obtain robust soliton states [5], whose output was collected at the
Through output of the system (Fig. 1 (b)) to perform a long-term study. We have characterised the stability of the
carrier comb line together with the repetition rate of the comb (Fig. 1 (c)). These two frequency quantities fully
determine the comb from a metrological perspective.
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Fig. 1 Simplified experimental diagram of the laser cavity-soliton laser. A microresonator is nested into an amplifying fibre
loop with an Er-doped fibre amplifier (EDFA), bandpass filter (BPF) and an isolator to ensure lasing in one direction. Solitary
states can be simultaneously collected at the Through and Drop output, the last one being extracted through a coupler (CP).
(b) Power spectrum (PS) at the Through output of the selected solitary state. (c) The Allan deviation (ADEV) of the carrier
comb line (f,.) and repetition rate (fz) frequencies for a 16-minute-long acquisition of stable solitary operation.

As we can see from Fig. 1 (c), we obtain Allan deviations at one second averaging time of 3.55 x 1071° and
4.95 x 1072, respectively for the carrier and repetition rate. These results compare well with the literature of free
running microcombs and fibre combs and demonstrate that our current implementation paves the way for a lock
to metrological references.
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